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Description 

TUMOR SUPPRESSOR GENES, PROTEINS ENCODED THEREBY 
AND USE OF SAID GENES AND PROTEINS 

FIELD OF THE INVENTION 

The present invention relates to the field of tumor ^suppressor genes 
in general, and cytokine-induced cell death in particular. 

5 BACKGROUND OF THE INVENTION 

One of the factors which determines the proliferation state of -cells 
is the balance between the growth-promoting -effects of proto- oncogenes, and 
the growth-constraining effects of tumor-suppressor genes. 
! One mechanism by which these tumor-suppressor genes exert their 

10 growth-constraining effect is by inducing the cell to undergo a physiological 
type of death. Such a controlled cell death is evident in a multitude of 
physiological conditions including metamorphosis, synaptogenesis of neurons, 
death of lymphocytes during receptor repertoire selection, controlled homeosta- 
sis in the bone-marrow and other proliferative tissues, and others. Such cell 

15 death is regulated by the interaction of the cell with other cells or with cell 
products, for example through the activity of suitable cytokines. 

Genetic mutation that inactivates the 'suppressor genes, liberate the 
cell from normal growth constraint imposed by other cells, resulting in an 
uncontrolled growth of the cell without any relation to external signals. This 

20 uncontrolled growth is a step in tumorigenesis. 

t 
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To date, only a few tumor-suppressor genes have been fully 
characterized including the retinoblastoma (Rb) gene, p53, DCC, NM23 
WT-1, NF-1, APC, and ras suppressor genes. A mutation in either of the 
above genes, probably in both alleles, which leads to either blockage of 
5 expression, or production of a faulty protein, hampers the normal control of 
growth and viability of cells and may thus give rise to cancer. 

Growth-inhibiting cytokines have a double effect on the target cell. 
They can either inhibit the proliferation of the cell, and/or give rise to cell 
death. To date, blockage or activation of expression of known tumor- 
10 suppressor genes was shown to counteract or enhance, respectively, cytokines 1 
inhibition of cells' growth (reviewed by A. Kimchi, 1992, J. Cell Biochem., 
50:1-9) but did not have any effect on the death promoting action of cytokines; 
. For example, the growth inhibitory response to cytokines such as TGF-yS, was 
markedly reduced by the inactivation of the Rb gene, or the response to IL-6 
15 was enhanced by introducing activated p53 genes (Pietenpol et al, 1990, Cell, 
61:777-785; Levy et al, 1993, Mol Cell Biol, 13:7942-7952). 

Thioredoxin, a small hydrogen carrier protein, has previously been 
implicated in the IFN- y-mediated growth arrest of HeLa cells {Deiss, L.P. and 
Kimchi, A. (1991) Science 234:117-120). 

20 

SUMMARY OF THE INVENTION 

In the following, the term "programmed cell death" will be used 
to denote a physiological -type of cell death which results from activation of 
some cellular mechanisms, i.e. death which is controlled by the cell's 
5 machinery. Programmed cell death may, for example, be the result of 
activation of the cell machinery by an external trigger, e.g. a cytokine, which 
leads to cell death. 

The present invention is based on the pioneering finding that 
inhibition of expression of certain genes counteracts the cytokine-induced cell 
10 death. Namely, as long as these genes function normally, cytokine induces cell 
death; once the expression of said genes is inhibited, the cytokine-induced cell 
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death is inhibited. It follows therefrom that the normal expression product of 
these genes is involved in programmed cell death, especially in cytokine- 
induced cell death. In HeLa cells, IFN-y induces a biphasic process, which 
comprises an initial cytostatic phase and a subsequent cytotoxic phase 
5 (programmed cell death). The novel genes discovered in accordance with the 
present invention were found to affect only the later, cytotoxic phase. These 
genes will be referred to herein as "DAP (death-associated protein) genes". 
DNA molecules comprising a coding sequence encoding the expression 
products of the DAP genes, or expression products having a similar biological 
10 activity, will be referred to herein at times -collectively as "DAP DNA 
molecules". The expression products of the DAP DNA molecules will be 
referred to herein at times collectively as "DAP products". 

According to one aspect of the present invention, to be referred to 
herein as "the death-promoting aspect", the above DAP DNA molecules, 
15 expression vectors comprising them, or DAP products are used for promoting 
death of normal or tumor cells. A particular application of the death- 
promoting aspect is in therapy of diseases or disorders associated with 
uncontrolled, pathological cell ^growth, e.g. cancer, psoriasis, and others. Hie 
use of DAP DNA molecules in gene therapy or DAP- products if produced 
20 extracellularly, in accordance with the death-promoting aspect of the invention, 
may be in conjunction with cytokines, e.g. IFN--Y- 

According to another aspect of the invention, to be referred to herein 
as "the death-preventing aspect", agents which prevent the expression of said 
DAP DNA molecules, or agents which antagonize, inhibit or neutralize the 
25 DAP products, are used for protecting cells from programmed cell death.' 
Examples of possible applications of the death preventing aspect of the 
invention are in prevention of cell death in various degenerative neurological 
diseases, such as Alzheimer's disease or Parkinson's disease, which are 
associated with premature death of particular subsets of neurons; prevention 
30 of death of T-cells in AIDS patients, which death resembles -programmed cell 
death; prevention of rejection- associated cell death in transplants which is 



WO 951 0630A1 J_> 



WO 95/10630 



PCT/US94/11598 



believed to result, at least in part, from programmed cell death; protection of 
normal cells from the cytotoxic effects of certain anti-cancer therapies; etc. 

. According to a further aspect of the present invention, referred to 
herein at times as "the screening aspect DAP DNA molecules are used in 

5 order to screen individuals for predisposition to cancer. In accordance with this 
aspect, the screening is carried out by comparing the sequence of each of the 
DAP DNA molecules to each of the respective DAP genes in the individual. 
The absence of a DAP gene, a partial deletion or any other difference in the 
sequence that indicates a mutation in an essential region, may result in a loss 

10 of function and as a consequence a predisposition for cancer. For screening, 
preferably a battery of different DAP genes may be used. 

The DAP genes seem to play an~ important role in programmed cell 
death and the inhibition of their expression or neutralization of their expression 
products protects the cell from cytokine-promoted cell death. Examples of 

15 such genes are those whose sequences are depicted in Figs. 6, 8 and 12, or 
whose partial sequences are depicted in Figs. 13 and 14. The gene for the 
known protease cathepsin D, whose sequence is depicted in Fig. 15, is also 
revealed here for the first time as functioning as a DAP gene. 

DAP DNA molecules useful in the death-promoting aspect of the 

20 invention may have the nucleic acid sequence of the DAP gene or other 
sequences which encode a product having a similar biological activity to that 
of the DAP product. Such DAP molecules include DNA molecules having a 
sequence other than that of the DAP gene but which, owing to the degenerative 
nature of the genetic code, encode the same protein or polypeptide as that 

25 encoded by the DAP gene. 

It is well known that it is possible at times to modify a protein by 
replacing or deleting certain amino acids which are not essential for a certain 
biological function, or adding amino acids in a region which is not essential for 
the protein's biological function, without such modification essentially affecting 

30 the biological activity of the protein. Thus, a DAP DNA molecule useful in the 
death promoting aspect of the invention may also have a modified sequence 
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encoding such a modified protein. The modified sequence has a sequence 
derived from that of the DAP gene or from that of the above degenerative 
sequence, in which one or more nucleic acid triplets (in the open reading frame 
of the sequence), has been added, deleted or replaced, with the protein product 
5 encoded thereby retaining the essential biological properties of the DAP 
product. Furthermore, it is known that at times, fragments of proteins retain 
the essential biological properties of the parent, unfragmented protein, and 
accordingly, a DAP DNA molecule useful in the death -promoting aspect of the 
invention may also have a sequence encoding such fragments. 

10 A DNA molecule useful in the death-preventing aspect of the 

invention may have a sequence which is an antisense sequence to that of the 
DAP -gene, or an antisense sequence to part. of the DAP gene, blocking of 
which is sufficient to inhibit -expression of the DAP gene. The part of the gene 
can be either the coding or the non-coding part of the DAP gene. The mRNA 

15 transcripts of the antisense sequences hybridize to the mRNA transcripts of the 
DAP gene and interfere with the final protein expression. Another DNA 
molecule useful in the death preventing aspect of the invention is a DNA 
molecule coding for a modified DAP product which is capable of inhibiting the 
activities of the unmodified DAP product in a dominant negative manner, such 

20 as catalytically inactive kinase (DAP-kinase) or any other modified protein 
whose presence in the cell interferes with the normal activity of the native 
protein, for example by producing faulty hetero dimers comprised of modified 
and unmodified proteins which are inactive and the like. 

DNA molecules useful in the screening aspect of the invention 

25 comprise the sequence of a DAP gene or a sequence of a fragment thereof. 
Additionally, also the above antisense DNA sequences may be used in the 
screening aspect of the invention. 

The present invention thus provides a DNA molecule comprising a 
sequence selected from the .group consisting of: 

30 (a) a gene whose expression is necessary for the mediation of the 

-cytokine-induced programmed cell -death; 
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(b) a DNA sequence encoding the same protein or polypeptide encoded 
by the gene defined in (a); 

(c) .a modified DNA sequence of (a) or (b) in which one or more 
nucleic acid triplets has been added, deleted, or replaced, the protein or 

5 polypeptide encoded by the modified DNA sequence mediating the cytokine- 
induced programmed cell death similarly to the protein or polypeptide encoded 
by the gene as defined under (a) or (b); 

(d) fragments of any of the DNA sequences of (a), (b) or (c), encoding 
a protein or a polypeptide having said biological activity; 

10 (e) a sequence which is an antisense to the entire or part of the DNA 

molecule under (a) and capable of inhibiting the expression of said gene; and 
(f) a ' modified DNA sequence of (a) or (b) in which one or more 
nucleic acid triplets has been added, deleted or replaced, the protein or 
polypeptide encoded by the modified sequence having dominant negative effect 

15 manifested by the ability of said protein or polypeptide to inhibit said cytokine- 
induced programmed cell death. 

In accordance with a specific embodiment, the present invention 
provides a DNA molecule comprising a nucleic acid sequence selected from the 
group consisting of: 

20 (a) a DNA sequence comprising a coding sequence beginning at the 

nucleic acid triplet at position 160-162 and ending at the triplet 466-468 of the 
sequence depicted in Fig. 6; 

(b) a DNA sequence comprising a coding sequence beginning at nucleic 
acid triplet at position 287-289 and ending at a triplet at positions 816-818 of 

25 the sequence depicted in Fig. 6; 

(c) a DNA sequence comprising a coding sequence beginning at nucleic 
acid triplet at position 337-339 and ending at the triplet at position 4603-4605 
of the sequence depicted in Fig. 8; 

(d) a DNA sequence comprising a coding sequence beginning at position 
30 74-76 and ending at position 1268-1270 of the sequence depicted in Fig. 12; 

(e) a DNA sequence comprising a sequence depicted in Fig. 13; 
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(f) a DNA sequence /comprising a sequence -depicted in Fig. 14; 

(g) a DNA sequence encoding the same protein or polypeptide encoded 
by any one of the DNA sequences of -(a) - (f); 

(h) a DNA sequence as in (a) - (g) in which one or more nucleic acid 
5 triplets has been added, deleted or replaced, the protein or polypeptide encoded 

by the sequence having essentially the same biological activity as that encoded 
by any one of the DNA sequences of {a) - {g), respectively; 

(i) fragments of any one of the DNA sequences of (a) - (h), encoding 
a protein or polypeptide retaining a biological activity present in the protein or 

10 polypeptide encoded by any one of the DNA sequences under *(a)-(h), 
respectively; 

(j) a sequence which is an antisense to the entire or part of any one of 
the sequences under (a) - -(f) or of the cathepsin D -gene and capable of 
inhibiting the expression of said sequence; and 

15 (k) a modified DNA sequence of any one of the sequences (a) - (f) in 

which one or more nucleic acid triplets has been added, deleted or replaced, the 
protein or polypeptide encoded by the modified sequence having dominant 
negative effect and being capable of inhibiting the function of the protein or 
polypeptide encoded by any one of the sequences (a) - (f), respectively. 

20 The preferred antisense sequences as defined in (j) above are those 

to the sequences beginning at position 1000 and ending at position 1320 of the 
DAP-1 gene in Fig. 6, 3781-4148 of the DAP-2 gene in Fig. 8, 74-1270 of 
the DAP-3 gene in Fig. 12, and 1203-1573 of the<cattiepsin Dgene in Fig. 15. 

The present invention also provides a vector comprising any of the 

25 above DNA molecules, the vector comprising also -sequences required for 
maintaining and replicating it in a host cell. Vectors in accordance with the 
present invention may be transfer vectors for propagating and replicating" the 
DNA sequences in a host cell or may be expression vectors comprising also 
sequences required for translation of said DNA sequences into an mRNA. 

30 Examples of such expression vectors are plasmids, e.g. -episomes or viruses. 
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Examples of episornes are those constructed by using the vehicles pTKOl, 
pTK02 and pTKOS (Deiss and Kimchi, supra). 

The present invention also provides a DAP product which is a 
protein or polypeptide encoded by a DNA molecule of the invention, with the, 
5 exception of the DNA molecules having an antisense sequence, or such a 
protein or polypeptide which has been chemically modified, for example, by 
methylation, glycosylation, etc. An example of a DAP product is that having ; 
the amino acid sequence depicted in Figs. 6, 8 and 12. The DAP product is 
useful in the death-promoting aspect of the present invention. In accordance 
10 with this aspect, the protein may be administered to patients, in particular, to 
cancer patients, which administration may cause death of the transformed cells. 

The present invention further provides agents which inhibit, 
antagonize or neutralize the DAP product, which are useful in the : 
death-preventing aspect of the invention. Such agents are for example,;.. . 
15 antibodies directed against the DAP product; inhibitors or antagonists of the 
DAP product which are able , to counteract their effect and prevent the 
death-promoting activity of the DAP product. 

The present invention further provides a pharmaceutical composition , 
comprising a pharmaceutical^ acceptable carrier and an active agent being 
20 selected from the group consisting of: (i) an expression vector comprising a 
DNA molecule of the invention or a DNA molecule coding for cathepsin D; 
(ii) a DAP product of the invention or cathepsin D; and (iii) an antibody, 
inhibitor or antagonist to the DAP product. The pharmaceutical composition 
of the present invention may also comprise means for targeting said active 
25 agent to the desired cell or tissue. Depending on the nature of the active agent, 
the composition is useful either in accordance with the death-promoting or the 
death-preventing aspect of the invention. In accordance with the death- 
promoting aspect of the invention, the pharmaceutical composition may also 
comprise a cytokine, e.g. IFN-y, in combination with a suitable DAP product, 
30 or with an expression vector comprising a suitable DAP molecule. 
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Further provided by the present invention is a method of treatment 
comprising administering said active agent to an individual. Similarly as in the 
pharmaceutical composition, depending on the nature of said active agent, the 
method is practisable in either the death-promoting aspect of the invention or 
5 the death-preventing aspect of the invention. In the death-promoting aspect 
of the invention, said active agent may be administered in conjunction with a 
cytokine, e.g. IFN-y 

In accordance with the screening aspect of the invention, there is 
provided a method for detecting the absence of the DAP gene, a partial deletion 

10 or a mutation (i.e. point mutation, deletion or any other mutation) in the DAP 
genes of an individual, comprising probing genomic DNA or cDNA from the 
individual with a DNA probe or a multitude of DNA probes having a complete 
or partial sequence of the DAP genes or having a sequence which is an 
antisense to the complete or partial sequence of the DAP gene. A particular 

15 application of the screening aspect of the invention is in the screening for 
individuals having a* predisposition to cancer, an absence of the gene or a r 
detected mutation or deletion indicating that the individual has such predispo- 
sition. The method in accordance with the screening aspect typically comprises 
the following steps: 

20 (a) obtaining a sample of either genomic DNA from cells of the 

individual or cDNA produced from mRNA of said cells; 

(b) adding one or more DNA probes each of said probes comprising a 

complete or partial sequence of a DAP gene, or a sequence which is an 

antisense sequence to the complete or partial sequence of the DAP gene; 
25 (c) providing conditions for hybridization between the DNA probe or 

probes and the DNA of said sample; 

(d) on the basis of the hybridization detenninrng whether the DAP gene 

is absent or there is a match between the sequence of the DNA probe or probes 

and a sequence in the DNA of said sample or a mismatch, a mismatch 
30 indicating a deletion or a mutation in the -genomic DNA and a predisposition 

to cancer in the tested individual. 
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A specific embodiment of the screening aspect of the invention 
involves use of a complete or partial sequence of that shown in Figs, 6, 8, 12- 
14 or 15, or an antisense of the complete or partial sequence in Figs. 6, 8, 12- 
14 or 15. 

5 The mutation in the DAP gene indicating a possible predisposition 

to cancer can also be detected by the aid of appropriate antibodies which are 
able to distinguish between a mutated and non-functional and a normal 
functional DAP gene product. 

10 DESCRIPTION OF THE DRAWINGS 

Figs, 1 A-D show RNA and protein expression of the DAP-1 gene, 
wherein: 

Fig. 1(A) shows a Northern blot analysis of sense and antisense mRNA 
obtained from HeLa cells transfected with the constructs 230, 255, 260, 259 

15 and control cells (parental cells) and probed by labeled cDNA fragments from 
construct 230. Total RNA was prepared from HeLa cells either before 
(parental) or after transfection with pTKOl constructs #230 or #255 (group 1), 
/ #260 (group 5) and #259 (group 3) designated 230-tl, 255-tl, 260-tl and 
259-tl, respectively. Twenty fxg RNA were processed on Northern blots and 

20 DNA fragment #230 was used as a probe. The arrows point to the position of 
sense and antisense RNAs. 

Fig. 1(B) shows a Northern blot analysis of sense and antisense mRNA 
obtained from HeLa cells transfected with control construct (DHFR-t2), 230 
construct or control cells (parental) cells treated with (+) or without (-) 

25 750 U/ml of IFN-y for 24 h. The RNA was extracted from the indicated 
HeLa cells which were grown for 4 days in the absence (-) or presence (+) of 
IFN-y (750 U/ml). The Northern blot containing 20 fig RNA samples was 
hybridized with the cDNA insert of XI phage. The Ethidium Bromide staining 
of the mRNA samples is shown. 

30 Fig. 1(C) shows an SDS polyacrylamide electrophoresis gel of the 

expressed protein product of DAP-1 cDNA translated in vitro in a reticulocyte 
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lysate preparation. In vitro translation of RNA (0.5 fig) transcribed trom the 
XI cDNA (lane 2) and from the subclones p6, p4, p5 and p8 are shown in 
lanes 3-6, respectively. Lane 1 corresponds to the background obtained in the 
absence of RNA administration to the reticulocyte lysates. The labeled proteins 
5 were fractionated on 12% SDS polyacrylamide gels. The position of the 
radioactive molecular weight markers (Amersham) is marked. The two 
translated proteins, the major T5kDa and minor 22kDa proteins, are indicated 
by arrows. 

Fig. 1(D) shows an immunoblot analysis of recombinant and cellular 
10 15kDa DAP-1 protein. Bacterially produced DAP- 1 protein (300 ng) and the 
indicated HeLa cell extracts (350 jug) were fractionated on SDS polyacrylamide 
. gels (12%), blotted to nitrocellulose and reacted with affinity purified 
antibodies generated against the 15kDa DAP-1. The cells were treated with 
IFN-y (750 U/ml) for 4 days before their extraction. The two arrows point to 
15 the position of the cellular DAP-1 protein. The antibodies also recognize two 
non-relevant bands of 60 and 45 kDa that are not modulated by the antisense 
RNA expression. Quantitation of the reduction in DAP-1 protein was done by 
densitometric analysis. The calibration of the protein content in each slot was 
done by referring to the signals of the non-relevant bands. The prestained 
20 protein markers (Sigma) are marked. 

Figs. 2 A-D show RNA and protein expression of the DAP-2 -gene, 
wherein: 

Fig. 2(A) shows a Northern blot analysis of sense and antisense mRNA 
obtained from two clones of HeLa cells transfected with the control constructs 

25 (DHFR-tl and DHFR-t2) and two clones of cells transfected with the 256 
construct (tl and t2). Total RNA was prepared from the 256-tl and 256-t2 
HeLa cell transfectants either before (0 hours) or at 3 and 24 hours after 
treatment with IFN-y (750 U/ml) and 20 fig samples were processed on 
Northern blots. Fragment #256 was used as a probe. The position of the sense 

30 and antisense mRNAs is indicated. The GAPDH mRNA levels were used for 
the calibration of the RNA amounts in each blot. 
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In Fig- 2(B) the blot consists of total RNA (20 fig) from K562 cells, 
parental HeLa cells, the two DHFR-transfected HeLa cell populations and the 
two HeLa cell populations that were transfected with the pTKOl-256. The 
blot was hybridized with the cDNA insert of X29. The Ethidium Bromide 
5 staining of the RNA samples is shown. 

Fig. 2(C) shows an in vitro phosphorylation assay. Cell lysates were 
prepared from COS-7 cells either before (lane 1) or after transfection with the 
PECE-FLAG expression vector that carries the coding region of the 129 cDNA 
(lane 2). Samples of 400 fig were immunoprecipitated with anti-FLAG™ (M2) 

10 monoclonal antibodies (IBI) and subjected to phosphorylation assays. 

Fig, 2(D) shows immunoblot analysis of recombinant and cellular DAP-2 
protein.. The COS-7. cells were transiently transfected with the PECE-FLAG- 
DAP-2. expression vector. Samples of cell lysates, 100 fig from COS-7 cells 
and 400 fig from HeLa cells, were fractionated on SDS pplyacrylamide gels 

15 (7.5%), immunoblotted and reacted with affinity purified polyclonal antibodies 
raised against the N-terminal DAP-2 peptide. In the lower panel the blot was 
reacted with monoclonal antibodies against vinculin (Sigma Immunochemicals). 
Lanes: 1, non-transfected COS-1 cells; 2, transfected COS-1 cells; 3\ 
DHFR-tl cells; 4, 256-tl cells; 5, 256-t2 cells. In lane 2 the same 160 kDa 

20 protein was also detected with anti-FLAG™ (M2) monoclonal antibodies (IBI) 
(not shown). x 

Figs. 3 A-C show morphological features of the cytostatic and cytotoxic 
responses to IFN-y jn HeLa cells. All cultures were seeded at an initial 
density of 10,000 cells per cm 2 . 

25 Fig. 3(A) shows light microscopy of HeLa cells transfected with pTKOl- 

DHFR construct (DHFR-tl cells), on days 3 and 8 of culturing in the absence 
(a,c) or the presence (b,d) of IFN-y (750 U/ml). (Magnification x 400). Note 
the absence of refractile mitotic cells during the cytostatic phase of responses 
to IFN-y (in b) and the appearance of round cells that were detached from the 

30 substratum during the killing phase (in d). 
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Fig. 3(B) shows staining of DNA with DAPI; a. DHFR-tl non-treated 
cells removed by trypsinization and mounted on glass slides, b. Detached 
DHFR-tl cells collected 7 days after IFN-y treatment. Nuclei with condensed 
or fragmented chromatin are indicated by arrows. (Magnification x 1000). 
5 Fig. 3(C) shows scanning and transmission electron micrographs of cells 

transfected with the control construct DHFR-tl and the 230-tl construct. 
DHFR-tl HeLa cell populations (a-d) and the 230-tl antisense transfected 
cells (e and f), were cultured either in the absence {a, c, e) or in the presence 
(b, d, f) of IFN-y (750 U/ml). (a,b,e,f), scanning electron micrographs were 
10 taken after 7 days using GSM 6400 SEM (Jeol). Bars=10 mm (x2200 
magnitude in all the four samples), (c and d), transmission electron micro- 
graphs taken after 7 days using TEM {Philips 410) at a magnitude of x28O0. 
The condensed nuclei and the surface blebs are indicated by arrows;. 

Figs. 4 A-C show that the antisense RNA expression from plasmids of 
15 groups 1 and 2 reduces the "susceptibility of HeLa cells to the killing effects of 
IFN-y but has no effect on early IFN-y signalling. 

Figs. 4 (A-B) show the number of viable -cells as determined by light 
absorption at 540 nm, as a function of time; the cells being transfected either 
with the control construct DHFR-tl (• - 1(A) and 1(B)); the 255 or 230 
20 construct (* - 1(A)) or with two clones tl and t2 of the 256 construct 
(* - 1(B)). The results are shown both for cell growth with (+) and without 
(-) administration of 750 U/ml of IFN-y. Each point is the average of a 
quadruplicate determination with a SD that ranged between 2-5%. 

Fig. 4(C) shows a Northern blot analysis of 2-5A synthetase gene 
25 induction. The indicated HeLa cell transfectants were incubated for 24 hours 
in the presence (+) or absence (-) of IFN-y (750 U/ml). Twenty mg of total 
RNA were analyzed. The cDNA of the 2-5A synthetase was used as probe. 

Fig. 5 shows the restriction map of the XI cDNA done that carries the 
DAP-1 cDNA. 

30 Fig. 6 shows the DNA sequence and predicted amino acid sequence, of 

DAP-1. 
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Fig. 7 shows the restriction map of the 7J29 cDNA clone, that carries the 
DAP-2 cDNA. 

Fig. 8 shows the DNA sequence and predicted amino acid sequence of 
DAP-2. 

5 Figs. 9 A-C show DAP-2 sequence homologies to other serine/threonine 

kinases and alignment of the ankyrin repeats of DAP-2, wherein: 

In Fig. 9(A) the protein kinase domain sequences of the DAP-2 are 
aligned with the corresponding domains of other calmodulin-dependent kinases. 
The kinase subdomain structure (numbered I-XI) and the region implicated in 

10 calmodulin recognition and binding (designated as calmodulin regulatory 
region) are indicated. The obligatory conserved amino acids within the kinase 
domain are labeled with asterisks. Numbers at the right mark positions relative 
to the N-terminus of primary translational products of each kinase. Solid 
background indicates identical amino acids within the compared kinases. 

15 Stippled background indicates positions where the amino acids are not identical 
but similar, nm-mlck - non-muscle myosin light chain kinase (chicken); 
sm-mlck - smooth muscle myosin light chain kinase (chicken); . skm-mlck - 
skeletal muscle myosin light chain kinase (rat); camdk-alph,-beta,-gamm - 
calcium/calmodulin dependent protein kinase II - a-, 6- and y- subunits, 

20 respectively; mlck-dicdi - dictyostelium discoidium (slime mold) myosin light 
chain kinase. 

Fig. 9(B) shows alignment of kinase subdomains II and III of DAP-2 and 
the corresponding domains of different cell cycle dependent kinases. dm2i - 
Drosophila CDC2 homologue; pssalre - Human serine/threonine kinase 
25 PSSALRE; kpt2 - Human . serine/threonine protein kinase PCTAIRE-2; 
kin28 - yeast (S.cerevisiae) putative protein kinase; mo 15 - Xenopus protein 
kinase related to cdc2 that is a negative regulator of meiotic maturation; 
kkialre - human serine/threonine protein kinase KKIALRE. 

Fig. 9(C) shows alignment of DAP-2 ankyrin repeats. Solid background 
30 indicates identical amino acids. A consensus sequence of the DAP-2 ankyrin 
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repeats is shown at the bottom. The position of each individual repeat along 
the cDNA is illustrated in Fig. 9(B). ar 1-8, ankyrin repeats. 

Fig. 10 shows Northern blot analysis of mRNA obtained from several 
hematopoietic cells probed with labeled DAP-1 cDNA. 
5 Fig. 11 shows Northern blot analysis of mRNA obtained from liver, 

spleen or brain of normal embryos (2) and embryos with Down Syndrome (1) 
both probed with the labeled cDNA or DAP-1 or DAP-2. In order to evaluate 
levels of total mRNA, GAPDH was used (bottom). 

Fig. 12 shows the DNA sequence and predicted amino acid sequence of 
10 DAP-3. 

Fig. 13 shows a partial DNA sequence of DAP-4. 

Fig. 14 shows a partial DNA sequence of DAP-5. 

Fig. 15 shows the DNA sequence and amino acid sequence of cathep- 
sin D; 

DETAILED DESCRIPTION OF THE INVENTION 

I. Isolation of antisense cDNA's that protect cells from the cytotoxic 
effects of IFN-y 

20 (A) Experimental procedure 

(A x ) Obtaining cDNA clones 

A cDNA library (lOQug DNA) was generated from a mixture of 
mRNA ! s harvested before and at 1, 2, 4, 12, 24 and 48 hours after treatment 
of HeLa cells with IFN-y (200 U/ml). It was cloned in antisense orientation 

25 into the EBV-based pTKOl expression vector, as previously described in detail 
(Deiss and Kimchi, supra). The resulting expression library of about 10 s 
independent clones was introduced into 8X1 0 6 HeLa cells (10 6 cells per 9 cm 
plate) by the calcium phosphate transfection technique. In order to determine 
the efficacy of transfection, a fraction of the transfectants was selected with 

30 hygromycin B (200 yUg/ml, Calbiochem). The resulted efficacy was around 5%. 
In parallel, the majority of the transfected cells were plated at a cell density of 
1500 cells per cm 2 and were selected with both hygromycin B (200 //g/ml) and 
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IFN-y (750 U/ml). Selective media was changed every 3-4 days. After 28 
days the cells that survived and/or grew in the presence of IFN-y were 
expanded for 2 weeks and pooled. The extrachromosal DNA was obtained 
according to the method of Hirt (Hirt, B. (1967) J. Mol Biol , 26:365), cleaved 
5 with the restriction enzyme Dpnl and introduced into Escherichia coli HB101 
host cells. The cleavage with Dpnl ensured that only episomal DNA that have 
replicated in HeLa cells was transfected into bacteria. 

A few bacterial clones were obtained by the above procedure which 
included DNA antisense sequences, some of which were able to protect the 
10 cells from the death-promoting effects of IFN-y. 

(A 2 ) Classification of the antisense cDNA clones 

Plasmid DNAs were prepared from 10 individual bacterial clones. PCR 
amplified cDNA inserts were generated from each plasmid using specific 
primers that correspond to the immediate flanking sequence of the cDNA 

15 insertion sites in . the pTKOl vector. The size of the cDNA inserts ranged 
between 300 to 800 bp. The /.PCR fragments were used as labeled probes to 
search on Southern blots for possible cross hybridization between some of the 
rescued antisense cDNA clones. 
(B) Results 

20 (B L ) Classification of Clones 

The above 10 cDNA clones were classified into six distinct non- 
overlapping -groups, some constituting several members (clones) and some 
constituting of a single member. Those clones relevant for the present 
invention are shown in the following Table 1: 

25 
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Table 1: Initial characterization of antisense cDNA clones rescued from IFN- 
Y -treated HeLa cells 



5 



" : .- '--\"~ 


antisense 1- 

*J>,>cDNAiclonesSSE 


;s length - 
" ffonl 


(Kb) - 


"V DNA product 


~;:<- 


1. 


230,254,255,264, 
258 


320 


2.4 


DAP-1 


2. 


256 


367 


6.3 


DAP-2 (kinase) 


3. 


259 


252 


1.7 


DAP-3 


4. 


253 


- 300 


4,5 


DAP-4 


5. 


26Q 


- 800 


4.0 


DAP-5 


6. - w 


229 


370 


2.5 


Cathepsin D 



Inserts 230, 254, 255, 264 and 258 of group 1 seemed to be completely 
identical to one another. The PCR fragments were sequenced and the results 
15 were compared with sequences present in the EM B A nucleic acid database. All 
inserts of groups 1 through 5 were found to be novel. 
(Ba) Detection of mRNA 

The DNA fragments thus obtained were used to detect and 
determine the expression level in HeLa cells of mRNA which hybridized to 
20 these fragments. 20 jug of total RNA from the parental HeLa cells were 
fractionated on gels, blotted and reacted with the different probes. Each probe 
recognized a single mRNA transcript of a different size (Table 1). Expression 
levels of mRNA's reactive with group 2 were low while those reactive with 
group 1 were relatively high. 

25 

II. Second transfection by isolated antisense cDNA 

Levels of expression of antisense RNA in secondary transfectants 

(A) Experimental procedure 

To ensure that the above isolated antisense cDNA's are sufficient in 
30 order to protect cells from the death promoting effects of IFN-y> subconfluent 
monolayers of HeLa cells were transfected with 40 ug DNA of the individual 
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rescued pTKOl plasmids (in duplicates) and subjected to the single selection 
of hygromycin B. Pools of approximately 10 4 hygromycin resistant clones were 
generated from each transf ection and were kept as 6 duplicates of stable 
polyclonal populations. The sensitivities of the above clones to an application 
5 of IFN-y was then determined. 

The vector pTKOl-DHFR (Deiss and Kimchi, supra) which carried 
a non-relevant construct served as control. The control vector was introduced 
in parallel into HeLa cells and produced two independent polyclonal population 
of stable transfectants designated DHFR-tl and t2. 
10 The double stranded cDNA fragments from construct 230 and 256 

(from groups 1 and 2, respectively) were used as probes in Northern blot 
analysis in order to detect mRNA transcripts both in non-transfected and 
transfected HeLa cells. These two specific cDNA inserts were labelled by 
commonly used commercial labelling kits. They were subcloned into 
15 Bluescript™ vectors (Stratagene, USA) to facilitate both the preparation of the 
cDNA inserts anci the production of single stranded RNA probes therefrom. 
(B) Results 

Constructs 230 (group 1) 

As can be seen in Fig. 1A the cDNA insert in this construct 
20 hybridized to a single endogenous 2.4 Kb mRNA transcript, both in non- 
transfected and transfected HeLA cells. In stable transfectants containing the 
antisense constructs of clones 230 and 255, an additional composite antisense 
transcript was detected by this 230 probe. It consisted of 320 bases of the 
original cDNA insert and 800 additional bases of sequences derived from the 
25 expression cassette (SV40 early promoter together with sequences till the 
polyadenylation signal). One of the RNA labeled strands produced by the 
Bluescript™ vector hybridized exclusively to the endogenous 2.4 Kb mRNA 
while the complementary strand hybridized only to the 1.1 Kb RNA confirming 
that the latter is indeed an antisense mRNA (data not shown). 
30 The amount of -the antisense RNA in clones 230 and 255 exceeded 

the sense mRNA levels by 3 to 6 fold (Figs. 1A, IB). After IFN-y treatment 
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the level of antisense expression was -further elevated due to the presence of 
IFN-y -stimulated response element (ISRE) in the pTKOl vector (Derss and 
Kimchi, supra), thus leading to 15 fold excess of antisense over sense 
transcripts (Fig. IB). The endogenous 2.4 Kb mRNA level was neither 
5 modulated by IFN-y, nor influenced by the high antisense expression. 
Construct 256 (group 2) 

As can be seen in Figs. 2A and 2B, the construct of the 256 clone 
(367 bp in size) hybridized on Northern blots to a single endogenous 6.3 Kb 
mRNA transcript which was expressed in all tested cells at relatively low 

10 levels. In the 256-tl and t2 transfected cells it also hybridized to a composite 
1.2 Kb RNA that consisted of 367 bases of the cDNA insert and 800 bases of 
sequences derived from the expression cassette in the vector (Fig. 2). The 
antisense orientation of fragment #256 in the pTKOl vector was -confirmed 
upon sequencing of the sense cDNA clone (Fig. 7). The amount of the 

15 antisense RNA expressed from pTKO-1 plasmid #256 in non-treated HeLa 
cells exceeded the sense mRNA levels by more than 100 fold. Moreover, due 
to the presence of IFN-stimuIated response element (ISRE) in the pTKOl 
vector, the levels of antisense mRNA expression were further elevated after 
IFN-y treatment (Fig. 3). 

20 

III. Response of cells transfected with antisense cDNAs to IFN-y 
(A) Experimental procedure 

The HeLa polyclonal population transfected with the individual 
antisense cDNAs were cultured in the presence of both hygromycin B and 

25 IFN-y (750 U/ml). Growth and viability parameters were examined: (1) under 
the light microscope, (2) by electron microscopy, and -(3) by DAPI staining 
(0.5 /^g/ml; Sigma). For more detailed quantitation, a neutral red uptake assay 
was performed: the different polyclonal HeLa cell populations were cultivated 
in 96- well microtiter plates at subcorifluent -cell -densities and then treated with 

30 IFN-y (750 U/ml) or left untreated. Ail the cells were continuously 
maintained in a hygromycin -B-containing medium *o select for transfected 



WO 95/10630 



PCT/US94/11598 



cells. The two DHFR-transfected HeLa cell populations (tl, t2), prepared as 
described above, served as control cultures that display the typical growth 
sensitivity curves to IFN-y . The examined antisense cDN A transfected cells 
were the 230-tl, 255-tl (group 1) and 256-tl, 256-12 (group 2). Viable cells 
5 were stained with neutral-red and the dye uptake was quantified by measuring 
O.D. at 540 nm in quadruplicates during the 14 days of the experiment. 
(B) Results 

The microscopic examination of parental and control DHFR- 
transfected HeLa cells revealed that IFN-y triggered a biphasic pattern of 

10 responses. The cells stopped proliferating during the first four days of IFN-y 
treatment but still remained viable (in trypan-blue exclusion tests) and 
displayed a flattened morphology characteristic of the cystostatic responses to 
IFN-y (Fig. 3A, b). The reduction in the proliferation rate during this period 
was also measured by a sharp decline (by more than 90%) in the thymidine 

15 uptake into DNA (not shown). This type of IFN-y -induced proliferation arrest 
was then followed by massive cell death that occurred in a non-synchronous 
fashion over a period of an additional 10 days. The cells gradually reduced 
their size, rounded up and detached from the plates (Figs. 3A, d). Staining of 
DNA with DAPI after detachment of cells from the substratum revealed gross 

20 changes in the nuclear morphology characteristic of programmed cell death. 
This included nuclear pyknosis, chromatin condensation, sometimes detected 
preferentially at the nuclear periphery, and chromatin segmentation (Fig. 3B, b). 
Transmission electron micrographs of the IFN-y -treated ceils prior to their 
detachment revealed other morphological changes including the disappearance 

25 of surface microvilli, surface blebbing, budding off cytoplasmic projections and 
cytoplasmic disintegration, in addition to the nuclear pyknosis and chromatin 
condensation (details shown in Fig. 3C, d). The antisense RNA expression 
from pTKO-1 plasmid of group 1 reduced the susceptibility of the cells to the 
killing effects of IFN-y: more cells survived on the plates and the above- 

30 mentioned death associated morphological changes appeared at much lower 
frequency (compare the scanning electron micrographs of the IFN-y-treated 
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DHFR- transfected cells in Fig. 3C, b to the IFN-y -treated 230-tl *cells in 
Fig. 3C, f). Similar microscopic observations, showing -protection from the 
IFN-y -induced cell death, were also made with respect to three other -clones 
from the aforementioned groups of antisense cDNAs, i.e. 2, 3, and 7 (not 
5 shown). 

A neutral-red uptake assay was then performed to determine more 
accurately, on a quantitative basis, both the typical biphasic responses of control 
cultures to IFN-y and the reduced susceptibility of the antisense expressing 
cultures to the IFN-y-induced cell death. The two DHFR-transfected HeLa 

10 cell populations (tl, t2) served as the control cultures in this assay and the 
antisense cDNA transfected cells examined were the 230-tl, 255-tl (group 1) 
(Fig. 4A) and 256-tl, 256-t2 (group 2) (Fig. 4B). In the absence of IFN-y, 
all the transfected HeLa cells behaved the same and displayed practically 
identical growth curves suggesting that the antisense RNA expression had no 

15 effects on the normal growth of cells. Another /feature that was not changed 
by the antisense RNA expression was the extent of the cytostatic responses to 
IFN-y. As shown in Figs. 4 A and 4B, IFN-y has similarly reduced the 
proliferation rate of all the transfected cultures and they all displayed the same 
extent of reduction in the neutral-red dye uptake during the first 4 days (before 

20 cell death starts to be microscopically evident). After 4 days of treatment the 
picture changed drastically. While almost all control cells died during the 
subsequent days of IFN-y treatment leading to minimal values of the neutral- 
red dye uptake on day 14, a significant fraction of cells that expressed antisense 
RNA survived in the presence of IFN-y, as reflected by the sustained values 

25 of the dye uptake. The resistance to the IFN-y -induced cell killing was very 
similar in all the four tested cultures that expressed the two different antisense 
RNAs (Figs. 4 A, 4B). These data indicate that expression of antisense RNA 
from groups 1 and 2 protects the HeLa cells exclusively from the IFN-y- 
induced cell death and not from its cytostatic action. It is noteworthy that the 

30 antisense RNA expression did not affect the early biochemical steps in the 
signaling of IFN-y as deduced from the normal mRNA induction by IFN-y 
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of the 2-5 A synthetase gene in these transfected cells (Fig. 4C). Altogether, 
it is concluded that among all criteria tested only the death inducing effects of 
IFN-y were interrupted by the antisense RNA expression. 

5 IV. Responses of cells transfected with antisense constructs to necrotic 
cell death 

It became interesting at this stage to check whether the antisense 
RNA expression can also protect the HeLa cells from a necrotic type of cell 
death. For this, the effect of TNF-a added in combination with cycloheximide 

10 (CHX) was examined in the various HeLa cell populations. Unlike the effect 
of IFN-y, the cell death that was induced by TNF-a + CHX in HeLa cells was 
very rapid (50% killing after 3 hours) and displayed typical features of necrosis 
such as swelling of the cells before their lysis. As shown in Table 2, while the 
antisense RNA expression from groups 1 and 2 protected the cells from the 

15 IFN-y-induced cell killing, there was no protection from the TNF-a-induced 
necrotic cell death. All the examined HeLa cell transfectants were killed by the 
TNF + CHX combination with similar time kinetics and at the same efficiency. 
Northern blot analysis demonstrated that the levels of the antisense mRNA 
transcripts in 256-tl cells were not reduced by the TNF + CHX treatment at 

20 5 hours (not shown) thus excluding the possibility that loss of the antisense 
RNA expression, caused by the treatment, may be the reason for lack of 
protective effects from the necrotic cell death. This further suggests a certain 
specificity of the protective mechanisms regarding the type of cell killing. 
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Table 2: Expression of antisense RNA (from groups 1 and 2) protects from 
the XFN^y-induced programmed cell death but not from the TNF-induced 
necrotic cell death. (A=540 nm) 







DHFR 
-tl 


DHFR- 
t2 


230-tl 


255-tl 


256-tl 


14 days 


No treatment 


0.396 


0.345 


0.385 


0.324 


0.336 




IFN-y 


0.026 


0.017 


0.136 • 


0.158 


0.159 


5 hours 


No treatment 


N.D. _ 


0.148 


0.130 


N.D. 


0.140 




TNF-G + CHX 


N.D. 


0.053 


0.026 


N.D. . 


0.022 


20 hours 


No treatment 


0.211 


0.248 


0.223 


0.173 


0.190 




TNF-a + CHX 


0.002 


0.001 


0.003 


0.0015 


0.002 



Each treatment was done in quadruplicates and the average values of dye 
15 uptake, measured by the OD at 1=540 nm, is presented at the indicated 4ime 
intervals. The SD was between 2-4%. N.D, not done. 

V. Cloning of DAP-1 cDNA and determination of amino acid sequence. 

An HL-60 cDNA library constructed in XgtlO vector was screened 

20 with the cDNA insert of pTKOl-230. Two independent clones, XI and X2, 
almost completely overlapping and carrying cDNA inserts of about 2.3 Kb were 
analysed. XI cDNA clone encompasses the 5-untranslated region, short coding 
region(s) and a relatively long 3-untranslated region that constitutes more than 
60% of the cDNA clone (Fig. 5). 

25 The nucleotide sequence of the cDN A -carried by XI and its 

predicted amino acid pattern are presented in Fig. 6. This cDNA is 2232 bp 
long and contains a potential polyadenylation signal ATTAAA at its 3* end. 
The open reading frame (ORF) is very short, starting from the initiation -codon 
at nucleotide positions 160-162 and ending at termination codon TGA at 

30 positions 466-468. This ORF is preceded by an extremely GC-rich '5 1 - 
untranslated region and potentially codes for a protein consisting of 102 amino 
acids with calculated MW of 11.2 kDa. The amino acid composition predicts 
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a basic protein (isoelectric point = 10), rich in prolines (15%) which displays 
two blocks of charged residues, one in the middle and the other at the 3' end 
of the protein. The high proline content may cause some anomalies in the 
protein's migration on gels. Search for motifs ("Motifs" program; GCG 

5 Software Package) indicated that the protein contains two potential sites for 
casein kinase II phosphorylation at positions 3 and 36, a single potential protein 
kinase C phosphorylation site at the C-terminus (position 91) and a consensus 
phosphorylation site of the cdks at position 51. In addition, the protein contains 
the consensus sequence RGD at position 65-67, a tripeptide that in some 

10 proteins plays a role in cell adhesion, and a potential SH3 binding motif, 
SPSPP, at position 49-53 (Cowburn (1994) Struc. Biol. 1, 489-491). No 
indications for the presence of signal peptide or transmembranal domain have 
been found ( SAPS prediction; Brendel et al., (1992) PN AS USA, 89:2002- 
2006). The amino acid sequence showed no significant homology to known 

15 proteins. 

Fragment #230 was used as a probe on Southern blots containing 
human genomic DNA, digested with various restriction enzymes that do not cut 
it. A single band was visualized upon hybridization with DNA cleaved with 
EcoRI, BamHI, PstI and Xbal, suggesting the existence of a single copy gene 

20 (not shown). This new gene was termed DAP-1 (Death Associated Protein-1). 

In vitro translation assays in reticulocyte lysates confirmed that the 
predicted ORF codes for the major 15kDa protein translated from the cloned 
2.4 Kb transcript. The full length cDNA insert as well as four subclones that 
span different regions of the molecule (i.e., p6, p5, p8, and p4; see Fig. 5) were 

25 transcribed and translated in vitro. Among all the tested subclones, only the 
5' 1 Kb portion of the DAP-1 cDNA (p6) directed the in vitro synthesis of 
proteins (Fig. 1C). The major translated product migrated on gels as a 15 kDa 
protein. Mutation at the ATG codon at position 160-162 (ATG to GGC) 
completely eliminated the synthesis of the 15 kDa protein, thus confirming the 

30 position of the start point of this protein (data not shown). In addition to the 15 
kDa protein product, a second protein of 22 kDa was also translated at lower 
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efficiency from XI and the p6 cDNAs (Fig . 1C). Its translation was not 
influenced by the elimination of the ATG codon at position 160 but the protein 
was shortened to a size of 16 and 18 kDa upon cleavage of the p6 subclone 
with Dral and BstYI restriction endonucleases, respectively (not shown; for 
5 restriction map see Fig. 5). These criteria fit another potential open reading 
frame, which is detected in the nucleotide sequence in a different phase with 
respect to the first ORF (Fig. 6). It starts at the ATG codon (positions 287- 
289) and ends at termination codon TGA (positions 816-818). It has the 
potential to code for a protein consisting of 176 amino acids with a calculated 
10 molecular weight of 19.9 kDa, and has no significant homology to any known 
proteins. 

To analyse the expression of the major DAP- 1 protein in cells, 
rabbit polyclonal antibodies were prepared against the bacterially produced 
15kDa protein. The affinity purified antibodies recognized on immunoblots two 

15 closely migrating proteins in extracts of HeLa cells; the lower band co- 
migrated on gels with the bacterially produced 15 kDa DAP-1 protein. The 
slower migrating form may represent a post-translationally modified version 
of the protein. In the HeLa cell transfectants, 230-tl and 255-tl, expressing 
the elevated levels of antisense RNA that develop in the presence of IFN-y (15 

20 to 1 ratio), the DAP-1 protein levels were reduced by 75% and 78%, respec- 
tively, as compared to the DHFR-tranfected cultures (Fig: ID). The two upper 
non specific bands (that are not competed with excess of the bacterially 
produced DAP-1) were not affected by the antisense expression, thus 
supporting the selectivity of the effect. 

25 

VI. Cloning of DAP-2 and determination of amino acid sequence 

As mentioned above, expression studies indicated that the double- 
stranded cDNA fragment #256 (367 bp in size) hybridized on Northern blots 
to an endogenous 6.3 Kb mRNA transcript. The same single 6.3Kb mRNA 
30 transcript was detected in HeLa (parental and transfectants) and in K562 cells 
when the full length cDNA (see below) was used as a probe on Northern blots 
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(Fig. 2B). The cDNA insert from pTKOl-256 was therefore used to screen a 
K562 cDN A library. 

Approximately 4x1 0 6 pfu were screened with the #256 cDN A insert 
and 40 positive clones were isolated after two rounds of sequential walking 
5 screening. The sequencing was performed on an Applied Bio-systems DN A 
sequencer 373 A. Sequence uniqueness and relatedness were determined using 
FASTA (GCG software package) at the nucleotide level and FASTA, BLASTP, 
and BLOCKS programs at the amino acid level (S. Henikoff and J. G. 
Henikoff, Nucleic Acids Res. 19, 6565 (1991). 

10 Two clones, X 29 and X32, were chosen for sequencing (Fig. 7). The 

resulting composite sequence of both cDNAs consists of 5886 nucleotides and 
contains a poly A tail that starts, at position 5872 and is preceded by two 
polyadenylation signals AATAAA (Fig. 8). The S'-.untranslated region also 
contains two ATTTA instability motifs found in the 3-noncoding portions of 

15 short-lived mRNAs (G. Shaw and R. Kamen, Cell 46, 659 (1986)). The 
mRNA contains a single long open reading frame that starts at position 337, 
ends at position 4605 and potentially codes for a protein of 1423 amino acids 
(Fig. 8). The calculated molecular weight of the protein product is about 160 
kDa. Affinity purified polyclonal antibodies were raised against the N-terminal 

20 20 amino acid peptide of the protein. These antibodies recognized on 
immunoblots a 160kDa recombinant protein that was produced in COS-1 cells 
after transfection with a vector that expressed the entire coding region of the 
cDNA (Fig. 2D). These antibodies reacted in HeLa cells with an endogenous 
protein of the same size. In the antisense RNA expressing cells, 256-tl and 

25 256-t2, the steady state levels of the 160kDa protein were 10 and 5 fold lower 
than in the DHFR control cells while a non relevant protein, vinculin, displayed 
similar expression levels in all HeLa cell transfectants (Fig. 2D). Thus, expres- 
sion of anti-sense RNA from pTKO-1 plasmid #256 in HeLa cells resulted in 
a significant reduction in the amount of the corresponding protein. 

30 We were able to define several known domains and motifs that are 

present in this protein. Its extreme N-terminus is composed of a protein kinase 
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domain that spans 255 amino acids from position 13—267. On the basis of its 
structure, it is likely to be a serine/threonine type of protein kinase having a 
classical composition of XI subdomains with all conserved motifs present (Fig. 
8) (S. K. Hanks and X. M. Quinn, Methods Enzymol. 200, 38 (1991)). This 
5 novel kinase was termed DAP^2 or DAP-kinase (Death Associated Protein- 
kinase). 

The kinase domain falls into a family of that of calmodulin-depen- 
dent kinases. The homology to known kinase domains that constitute this group, 
including the myosin light chain kinases, ranges between 34%-49% ( Fig. 9A). 
10 Three main differences distinguish the kinase domain of DAP-kinase trom 
other members of calmodulin-dependent kinase family: 1) Subdomain II is 
relatively long and has a stretch of basic amino acids (KKRRTKSSRR); 2) 
Subdomain III mostly resembles that of the cell cycle dependent kinases (Fig. . 
9B). Interestingly, the typical sequences of the cell cycle dependent kinases ( 
15 PSTAIRE, PSSALRE, PCTAIRE, KKIALRE) are located in subdomain III; 
and 3) Subdomain VII is extremely short and consists of only 7 amino acids. 

Right downstream to the kinase domain there is an additional stretch 
of homology that is present in almost all -members of the family of-calmodulin- 
dependent kinases, and was implicated in calmodulin -recognition and binding; 
20 B. P. Herring, J. T. Stull, P. J. Gallagher, I Biol. Chem. 265, 1724 (1990); M. 
O. Shoemaker et al, J.Cell. Biol. Ill, 1107 (1990); F.H. Cruzalegui 4>t al, 
Proc. Nath. Acad. Sci. USA 89, 12127 (1992)). Downstream of the 
calmodulin-recognition domain, an ankyrin repeats domain was identified 
spanning 265 amino acids from position 365 to 629. It is composed of 8 repeats 
25 of 33 amino acids each, not separated by spacers except for a single proline 
residue that separates three N-terminal repeats from five C- terminal ones 
(Figs. 8 and 9C). Ankyrin repeats are involved in protein-protein interactions 
in a variety of proteins (P. Michaely and V. Bennett, Trends in Cell Biology 
2, 127 (1992)), but were not described before in the context of serine/threonine 
30 kinases. One tyrosine kinase carrying ankyrin repeats has been recently 
identified in Hydra vulgaris (T.A. Chan et al, Oncogene 9, 1253 (1994)). In 
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the DAP-kinase, the 8 ankyrin repeats may mediate the interaction with a 
putative effector or a regulatory molecule, or influence the substrate selectivity 
and/or stability of the kinase-substrate interactions. 

Immediately downstream to ankyrin repeats there are two subsequent 
5 potential P-loop motifs, ALTTDGKT and GHSGSGKT, identified through the 
consensus sequence, G[A]XXXXGKT[S]. Comparison of DAP-kinase potential 
P-loop motifs to the corresponding consensus sequences within seven ATP or 
GTP-binding protein families demonstrates that only the 3' P-loop, has some 
similarity to P-lqqp -consensus of elongation factors, ATP synthase b-subunits 

10 and thymidine kinase. Actually, a stretch of 33 amino acids following the 
eighth ankyrin repeat that encompasses the putative 5' P-loop, may 
represent a ninth ankyrin repeat that is less conserved than others. DAP- 
kinase also carries, multiple potential sites for -post-translational modifica- 
tions, and has neither transmembrane domain nor signal peptide. The 

15 Prosite bank search, using the program Motifs (GCG Software Package) 
revealed that the DAP-kinase protein contains a consensus sequence for 
the C-terminal amidation site at position 1 376 (this suggests that 47 C- 
terminal amino acids can be cleaved from the protein body ). It also 
contains consensus sequences for six N-glycdsylation sites, and potential 

20 phosphorylation sites for cAMP-dependent kinase (six), casein kinase II 
(twenty eight) and protein kinase C (twenty). 

Altogether, the deduced amino acid sequence of the DAP-kinase 
suggests that a very unique type of calmodulin-regulated serine/threonine 
kinase has been rescued. The combination of serine/threonine kinase 

25 domain, ankyrin repeats and additional possible ATP/GTP binding sites 
outside the kinase domain in one protein (Fig. TO) has not been previously 
described. A size of 160 kDa is rare among serine/threonine kinases and 
DAP-kinase is actually the largest calmodulin-dependent kinase known to 
date. The ability of DAP-kinase to bind calmodulin, recently confirmed in 

30 yeast two hybrid system (not shown), is consistent with the notion that in 
many cases programmed cell death is Ca 2+ dependent <S. Sen, Biol. Rev. 
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Camb. Philos. Soc. 67, 287 (1992); S. Lee, S. Christakos, M. B. Small, 
Curr. Opin. Cell. Biol. 5, 286 (1993)). Moreover, it has been recently 
reported that calmodulin antagonists inhibited the glucocorticoid-induced 
apoptosis (D. R. Dowd, D. P. Mac, B. S. Komm, M. R. Haussler, R. 
5 Miesfeld, J. Biol. Chem. 266, 18423 (1991)), 

and that inhibitors of myosin light chain kinases blocked the TNF-induced 
apoptotic cell death (S.C. Wright, H. Zheng, J. Zhong, F.M.Torti, J.W. 
Larrick, J. Cell. Biochem. 53, 222 (1993)). 

In order to verify that DAP-2 is truely a kinase, COS cells were 

10 transiently transfected with an expression vector (PECE-FLAG) that carries 
a fragment of the 129 cDNA that encompasses the entire coding region 
(from the abovementioned start ATG to the first EcoRI -site at the 3' end). 
Cell lysates were immunoprecipttated by anti-FLAG monoclonal antibodies 
and washed immunoprecipitates Were assayed for in-vitro autophos- 

15 phorylation in the presence of calmodulin and Ca 2+ . As shown in *Fig. 2C, 
a single phosphorylated band of 160 kDa appeared upon fractionation of 
the in-vitro reaction products on polyacrylamide gels. This .experiment 
provides the first direct proof that the recombinant protein has intrinsic 
kinase activity, as suggested by the predicted amino acid structure. 

20 

VII. Expression of DAP-1 and DAP-2 proteins in various cells and 
tissues 

Examination of a variety of cell lines and tissues revealed that 
these two genes are likely to be ubiquitously expressed. Fig. 10 shows the 

25 Northern blot analysis of RNA from different hematopoietic cells probed with 
the DAP-1 cDNA. The 2.4 Kb mRNA transcript of this gene was detected 
in granulocytes (HL-60) B lymphoid (Daudi) and macrophage <U937) cells. 
The expression levels in the hematopoietic cells was lower than in HeLa 
cells. Fig. 11 shows results of examination of the mRNA expression in 

30 human embryonic tissues: brain, spleen predominantly B -cells) and liver 
(predominantly erythrocytes). Again the single 2.4 Kb mRNA transcript was 
detected in these tissues by the DAP-1 cDNA probe. 
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The DAP-2 cDNA probe 2 recognized the 6.3 Kb mRNA 
encoded by this gene in these different tissues (Fig. 11). The embryonal 
liver and spleen tissues from Down syndrome, seemed in this blot to 
express higher levels of the DAP-2 gene (compared to the GAPDH levels) 
5 while the brain tissue from Down syndrome contained higher levels of 
DAP-1 mRNA than the corresponding normal brain. 

VIII. Cloning and sequencing of DAP-3, DAP-4 and DAP-5 

Clone 259 (DAP--3) was sequenced and used to screen a K562 
10 XgtIO cDNA library as described above for DAP-1 and DAP-2. The 
sequence of the (almost) full length cDNA of DAP-3 and the deduced 
amino acid sequence is shown in Fig. 12. 

Clones 253 (DAP-4) and 260 (DAP-5) were partially sequenced 
as described above for DAP-1 and DAP-2, and the results are shown in 
15 Figs. 13 and 14, respectively. 

IX. Identification of DAP-7 

The initial microscopic observations, performed on the different 
HeLa cells that had been transfected with the individual rescued pTKOI 

20 clones (described in Table 1) , indicated that plasmid pKT0 1-229 (group 7) 
conveyed similar effects to those conferred by the plasmids from group 1. 
It reduced the susceptibility of the cells to the iFN-y-induced cell death but 
not to its cytostatic effects. 

The cDNA carried by plasmid pTKOI - 229 was identified upon 

25 sequencing as a BamHI-Hindlll fragment of human cathepsin D cDNA, 
which was present in the expression vector in the antisense orientation. 
The DNA probe, corresponding to fragment #229, hybridized as expected 
to a single endogenous 2.5 Kb mRNA, both in control and in the transfected 
HeLa cells. The steady state levels of cathepsin D sense mRNA were- not 

30 affected by the IFN-y treatment. In the pTK01-229 transfected cells the 
DNA probe also hybridized to the composite antisense RNA. The levels of 
antisense cathepsin D RNA were stimulated 5-fold in response to IFN-y 
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7/ 

due to the presence of an ISRE enhancer element in the pTKOI expression 
vector (not shown). 

The cathepsin D protein was identified on immunobtots using 
commercially available polyclonal antibodies (Oncogene Science). It was 
found that in the control clones, IFN-y prevented the appearence of the 
mature 34kDa chain while the 48kDa active single chain precursor was 
retained at abnormal high levels in these cells. It appears that this single 
chain precursor is the specific cathepsin form that functions during cell 
death. ^ 

Cathepsin D is an aspartic protease that is found normally in 
lysosomes where it functions in protein catabolism. Yet, in some pathologi- 
cal situations it has been suggested that this protease can function in the 
cytosol, and its activity was associated with degenerative brain changes, 
muscular dystrophy and connective tissue disease pathology ( Matus and 
Green (1987); Biochemistry, 26, 8083-8036). The present invention shows 
for the first time that the expression of this protease is indispensable for the 
execution of programmed cell death that is induced by IFN-y. Thus, 
cathepsin D joins the growing list of proteases that play a key role in 
different scenarios of programmed cell death. 

The DNA sequence and amino acid sequence of cathepsin D are 
shown in Fig. 1 5 (Faust, P.L. et ai (1 985) PNAS USA 82, 491 0-491 4). 
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CLAIMS: 

1 . A DNA molecule comprising a sequence selected from the group 

consisting of: 

(a) a gene whose expression is necessary for the mediation of the 
5 cytokine-induced programmed cell death; 

- (b) a DNA; sequence encoding the same protein or polypeptide 
encoded by said gene defined in (a); 

(c) a modified DNA sequence of (a) or (b) in which one. or more 
nucleic acid triplets has been added, deleted, or replaced, the protein or 

10 polypeptide encoded by the modified DNA sequence mediating the 
cytokine-induced programmed cell death similarly to the protein or 
polypeptide encoded by : said gene as defined under (a) or '(b); 

(d) fragments of any of the DNA sequences of (a), (b) or (c), 
encoding a protein or a polypeptide having said biological activity; 

15 (e) a sequence which is an antisense to the entire or part of the 

DNA molecule under- (a) and capable of inhibiting, the expression of said 

gene; and . v . : .• ~ 

(f) a modified DNA. sequence of (a) or (b) in which one or .more 

nucleic acid triplets has been added, deleted or replaced, the protein or 
20 polypeptide encoded by the modified sequence having dominant negative 

effect manifested by the ability of said protein or polypeptide to inhibit said 

cytokine-induced programmed cell death. 

2. A DNA molecule according to Claim 1 , comprising a nucleic acid 

25 sequence selected from the group consisting of: 

(a) a DNA sequence comprising a coding sequence beginning at the 
nucleic acid triplet at position 160-162 and ending at the triplet 466-468 of 
the sequence depicted in Fig. 6; 

(b) a DNA sequence comprising a coding sequence beginning at 
30 nucleic acid triplet at position 287-289 and ending at a triplet at positions 

816-818 of the sequence depicted in Fig. 6; 
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(c) a DNA sequence comprising a coding sequence beginning at 
nucleic acid triplet at position 337-339 and ending at the triplet at position 
4603-4605 of the sequence depicted in Fig. 8; 

(d) a DNA sequence comprising a coding sequence beginning at 
5 position 74-76 and ending at position 1268-1270 of the sequence depicted 

in Fig. 12; 

(e) a DNA sequence comprising a sequence depicted in Fig. 13; 

(f) a DNA sequence comprising a sequence depicted in Fig. 14; 

(g) a DNA sequence encoding the same protein or polypeptide 
10 encoded by any one of the DNA sequences of -(a) - (f); 

(hj a DNA sequence as in (a) - (g) in which one or more nucleic 
acid triplets has been added, deleted or replaced, the protein or polypeptide 
encoded by the sequence having essentially the same biological activity as 
that encoded by any one of the DNA sequences of (a) - (g), respectively; 

15 (i) fragments of any ohe of the DNA sequences of <a) - *(h) , 

encoding a protein or polypeptide retaining a biological activity present in 
the protein or polypeptide encoded by any one of the DNA sequences 
under (a)-(h), respectively; 

(j) a sequence which is an antisense to the^entire or part of any one 

20 of the sequences under (a) - (f) or of the cathepsin D gene in Fig. 15 and 
capable of inhibiting the expression of said sequence; and 

(k) a modified ON A sequence of any one of the sequences (a) - (f) 
in which one or more nucleic acid triplets has been added, deleted or 
replaced, the protein or polypeptide encoded by the modified sequence 

25 having dominant negative effect and being capable of inhibiting the function 
of the protein or polypeptide encoded by any one of the sequences (a) - 
(f), respectively. 

3. A vector comprising a DNA sequence as defined in Claim 1 or 

2 and sequences required for propagating and replicating the DNA 
30 sequence in a host cell. 
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4. A vector according to Claim 3, being an expression vector 
comprising also sequences required for translation of said DNA into an 
mRNA. 

5. A vector according to Claim 4, being an episomal plasmid 
5 constructed by using vectors pTK01 , pTK02 and pTKQ3. 

6. A protein or polypeptide comprising an amino acid sequence 
encoded by a DNA molecule as defined in Claim 1<a)-(d) or in Claim 2(a)- 

7. A protein or polypeptide according to Claim 6, wherein one or 
10 more amino acid residues has been chemically modified. 

8. A protein according to Claim 6 or 7 having the amino acid 
sequence as depicted in any of Figs. 6, 8, or 12. 

9. Cathepsin D for use in the mediation of cytokine-induced 
programmed cell death. 

15 10. An antibody directed against a protein according to any one of 

Claims 6-9 or against an immunogenic portion thereof. 

11. A pharmaceutical composition comprising a pharmaceutical^ 
acceptable carrier and an active ingredient selected from the , group 
consisting of: 

20 a. a protein or polypeptide according to any one of Claims 6-9; 

b. an expression vector according to either of Claims 4 or 5; 

c. an antibody according to Claim 10; and 

d. an inhibitor or antagonist of the protein of (a). 

12. A pharmaceutical composition according to Claim 1 1 , for inducing 
25 cytokine-induced programmed cell death, wherein said active ingredient is 

selected from the group consisting of: 

a. a protein according to any one of Claims 6-9; and 

b. an expression vector according to Claim 4 in which the DNA 
molecule is that of -Claim 1(a)-<d) or that of Claim 2(a)-(i). 

30 13. A pharmaceutical compositon according to claim 12 further 

comprising a cytokine. 
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1 4. A pharmaceutical composition according to Claim 1 1 for inhibiting 
a cytokine-induced programmed cell death, wherein said active ingredient 
is selected from the group consisting of: 

a. an antibody of Claim 10; 
5 b. an inhibitor or antagonist of the protein of Claims 6-9; and 

c. an expression vector according to either of Claims 4 or 5, which 
comprises a DNA molecule of Claim 1<e) or 1<f) or Claim 2(j). 

15. A method for detecting a mutation in a gene encoding a product 
involved in cytokine-induced programmed cell death comprising probing 

10 genomic DNA or cDNA from the individual with one or more DNA probes 
comprising a complete or partial sequence of the DNA sequence as defined 
in Claim 1 or 2. 

1 6. A method for the screening of individuals having a predisposition 
to cancer, comprising: 

15 (a) obtaining a sample of either genomic DNA from cells of the 

individual or cDNA produced from mRNA of said cells; 

(b) adding one or more DNA probes, each of said probes comprising 
a complete or partial sequence of a DAP gene, or a sequence which is an 
antisense sequence to the complete or partial sequence of the DAP gene; 

20 (c) providing conditions for hybridization -between the DNAprobe or 

probes and the DNA of said sample; 

(d) determining on the basis of the hybridization whether the -DAP 
gene is absent, whether there is a match between the sequence of the 
DNA probe or probes and a sequence in the DNA of said sample or 

25 whether there is a mismatch, a mismatch indicating a deletion or a mutation 
in the genomic DNA and a predisposition to cancer of the tested individual. 

17. A method for screening of individuals having a predisposition to 
cancer by the use of antibodies which are able to distinguish -between a 
functional protein of Claims 6 or 10 and a non-functional mutated protein. 

30 18. A method of treatment of a disease or a disorder associated with 
uncontrolled, pathological cell growth, comprising administering ^to a 



9510630A1J_> 



WO 95/10630 



PCT/US94/11598 



diseased individual a therapeutically effective amount of an active ingredient 
selected from the group consisting of:^ 

a. a protein according to any of claims 6-9; and 

b. an expression vector according to claim 4 in which the DNA 
5 molecule is that of claim 1(a) -(d) or that of claim 2(a)-(i). 

19. A method of treatment of a disease according to claim 18, 
wherein said active ingredient is administered in conjunction with a 
cytokine. 

20. A method of treatment of a disease or disorder associated with 
10 cytokine-induced programmed cell death, comprising administering a 

therapeutically effective amount of an active ingredient capable of inhibiting 
physiological cell death, said active ingredient being a member selected 
from the group consisting of: 

a. an antibody of claim 10; 
15 b. an inhibitor or antagonist of the protein of claims 6-9; and 

c. an expression vector according to either of claims 4 or 5, which 
comprises a DNA molecule of claim 1(e), 1(f) or claim 20). 

20 
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CCCACGACAGCCGCACCCAGCCKACGCCGGGGACTTTGTTCCCTCCACGGAGGGGACTCCGCAACTCGCACCGGCAGGGTCTCCGGCCGG 90 

cgcctgccacgcatctccgccccccactcactccctacctctgttcccgccgccgccccgcct l b o 

GCCTCCCACAGCGC7CCGGAGGGACCGGC«;AGCTCCCACGCG^ 270 



R Q 



CGGTGC^^GATGGTCTGGGAAGCGGAGCTGAAGTCCCCTGGGCTTTGGTGAGGCGTGACAGTTTATC^T§^CCGTGTTCAGGCAGGAAAAC 3 60 

i— PROTEIN KINASE DOMAIN 

VDDYYDTG EELCS GQF A V V K K C P. EKSTGLQ 38 

GTGGATGATTACTACGACACCGGCGAGGAACTTGGCAGTGGACAGTTTGCGGTTGTGAAGAAATGCCGTGAGAAAAGTACCGGCCTCCAG 450 

TP akfikkrrtkssr'rgvsred I E R E V 5 I L 68 

TATCCCGCCAAATTCATCAAGAAAAGGAGGACTAAGTCCAGCCGGCGGGGTGTGAGCCGCGAGGACATCGAGCGGGAGGTCAGCATCCTG 540 

K Z I0 HP NV ITLH EVYENKTDV I L I LSLVAG 98 

AAGGAGATCC AGCACCCCAATGTCATCACCCTGC ACGAGGTCT ATGAG AAC AAG ACGGACGTCATCCTGATCTTGG AACTCGTTGC AGGT 6 30 

GE LFDF L A E K E S LTE E EATEF L K Q I L N G V Y 128 

GGCGAGCTGTTTGACTTCTTAGCTGAAAAGGAATCTTTAACTGAAGAGGAAGCAACTGAATTTCTCAAACAAATTCTTAATGGTGTTTAC 120 

X L H.S I* Q I A H F O LK P EN I H L ID RNV? K P R J K 158 

7ACCTGCACTCCCTTCAAATCGCCCACTTTGATCTTAAGCCTG AG AAC ATAATGC7T7TGGATAGAAATGTCCCC AAACCTCGCATCAAG B 1 0 

I IDFGNEFKNIFGTPEFVAPE IVN YEPLGL 13B 

ATCATTGAC7TTGGAAATGAATTTAAAAACATATTTGGGACTCCAGAGTTTGTCGCTCCTGAGATAGTCAACTATGAACCTCTTGGTCTT 900 

E A D M W S I G V I 7 Y I L L S G AS ? F LGO T KQE T L 213 

GAGGCAGATATGTGGAGTATCGGGGTAATAACCTATATCCTCCTAAG7GGGGCCTCCCCATTTCTTGGAGACACTAAGCAAGAAACGTTA 990 

ANV5A7MYEFE0EYFSN7SALAX0 F IKRLL 2AB 

GCAAATG7 A7CCGCTG7CAACTACGAA77TGAGGATGAATAC77C AG7AATACCAGTGCCCTAGCCAAAGATTTCATAAGAAGAC77C7G 1 0 B 0 

PROTEIN KINASE OOMAIN - 

V K O ? . K K RMT IQO S L 0 H ? W P K • P K D T Q 0 A L S R 218 

GTCAAGGATCCAAACAAGAGAATGACAATTCAAGAT AGTTTGCAGCATCCCTGGATCAAGCCT AAAGATACACAACAGGCACT7AG7AGA 1170 

calmodulin regulatory region 

K r T S A V N M E K F K K F A A R K K W X Q S V R L I S L C Q 308 

AAAGCATC AGC AGT AAACATGGAGAAATTCAAGAAGTTTGCAGCCCCGAAAAAATGGAAACAATCCCTTCGC7TGAT ATCACTG7GCCAA 12 60 



RLSRSFLSSSNMSVA RSDDTLD££DSrVMK 338 
AG ATT ATCCAGG7CATTCC7GTCC AG AAGTAACATG AGTGTTGCCAGAAGCGATG AT AC7C7GGATGAGG AAG ACTCC7TTGTGATG AAA 1350 



A I X HA I NO D NVP G LQ H L L GS L 5 M Y D YSQ ? S 363 
GCCATCATCCATGCC ATCAACGATGACAATCTCCCAGGCCTGCAGCACCTTC7GGGC7CATTATCCAAC7ATGATCTTAACCAACGCAAC 14 4 0 
Ofi " ' 

KHG 7P PLLI A A G C G.N I 0 I L Q L L 1 K R G S R P IT" 398 
AAGCACGGGACACCTCCAT7 ACTCATTGCTGCTGGCTGTGGGAAT ATTCAAAT ACTACAGTTGC7CATTAAAAGAGGCTCGAGAATCG AT 1530 
or2 _ 

VQDKGGS NAVYWAARHGHVDT LKFLSENKC 42S 
GTCCAGGATAAGGGCGGGTCCAATGCCGTCTACTGGGCTGCTCGGCATGGCCACGTCGATACCTTGAAATTTCTCAGTGAGAACAAATGC 1620 

215 ; ; 

P LDV X0K SGEMAL HVAARYGHADVAQV7CA 458 
CCTTTGG ATGTC AAAGAC AAGTCTGGAGAGATGGCCCTCCACGTGGCAGCTCGCT ATGGCC ATGCTGACCTGGCTCAAGTT ACTTGTGCA 1710 

1 • " 0f4 

A S A Q IP I S RT KEEETP LHCAAHK GYYSVAK 488 
GCTTCGGC7C AAATCCC AAT ATCC AGG AC AAAGG AAG AAG AAACCCCCCTGC ACTGTGCTGCTTGGC ACGGCT ATT ACTCTGTGGCC AAA 1800 

f j : ; art 

ALCEAGCNV H t K N R E G E T ? L Z 7 A S A R G Y H ~ 518 

GCCC7TTGTGAAGCCGGCTGT AACGTGAACATCAAGAACCGAGAAGGAGAGACGCCCCTCC7GACAGCC7CTGCCAGGGGC7 ACC ACGAC 1890 

ot6 

I VEC u A E H G A D LNACOKDGH 1ALHLAVRRC 5 43 

ATCG7GGAGTGTCTGGCCG AACATCGAGCCG ACCrt AATGCTTGCGAC AAGGACGGACACATTGCCCTTCATCTGGCTCT AAGACGGTGT 19 80 

: : r i SiZ 

Q M E V I KT LLS QGCFVDYQDRHGNTP L H V A C 578 

C AG ATGGAGGT AATC AAG ACTC7CCTCAGCC AAGGGTGTTTCGTCGATTATCAACACAGGCACGGCAATACTCCCCTCCATG7GGCATGT 2070 

K D GNMP I V'/ALC EAN CN LD IS NKYGR7 ? LH 608 
AAAGATGGCAACATGCCTATCGTGG7GGCCCTCTGTGAAGCAAACTGCAATTTGGACATCTCCAACAAGTATGGGCCAACGCCTCTGCAC 2160 

OrB / .J^SPG. L 

L A A M N ' G I LDVV RTLCLMGASVEA*"lTTDGKT~ 638 
CTTGCGGGCAACAACGGAATCC7AGACG7GGTCCGGTATCTCTCTCTCATGGGAGCCAGCGTTGAGGCGC7CACCACGGACGGAAAGACG 2250 

AEDLARS EQHEHVAG LLARLRKOTKRCLF : 568 

^ _ PjlOO^ 2 

QQLRPTQHLQPR IKLKLFGHSGSGK77LVE 5 93 

CAGCAGC7CCGACCCACACAGAACCTGCAGCCAAGAATTAAGCTCAAGCTGTTTGGCCACTCGGGATCCGGGAAAACCACCC77G7AGAA 2 4 30 

S LK CG L L RS FF R RRR? R L 3 ST N S S R F? ? 5 ? 7TB 
7CTCTCAAG7GTGGGCTGCTGAGGAGC777TTCAGAAGGCCTCGGCCCAGACTGTCTTCCACCAAC7CCAGCAGGTTCCCACC77CACCC 2520 

L A S X P 7 V 5 V S I N-N LY PGC F. N V S VRS RS MM 7 7 58 

CTCGC7TC7 AAGCCCACAG7C7CAG7GAGCATCAACAACCTGT ACCCAGGCTGCGAGAACGTGAGTGTGAGGAGCCGCAGCATGATGTrC 2 610 
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EPGLTKGMLEVFVAPTHHPHCS AODQSTKA ioo 
G AGCCGGGTCTT ACCAAAGGGATGCTGGAGGTGTTTGTGGCCCCGACCCACC ACCCGC ACTGCTCGGCCGATG ACC AGTCCACC AAGGCC 2700 

I D IQNAYLNGV GDFSVWEFS GNPVYFC CYD 8 18 
ATCGACATCCAGAAaxrTTATTTGAATGGAGTTGGCGATTTCAGCCTGTGG^ 27 90 

Y F A A N D P T S I H V V V F S L E E P Y E I 0 L M P V I F 8 48 
TATTTTGCTGCAAATGAYCCCACGTCAATCC ATGTTGTTGTCTTT AGTCT AG AAG ACCCCT ATG AGATCCAGCTGAACCCAGTGATTTTC 2680 

H LS F L K S LVP V E E P I A F GG K L K N P L Q VV L V 878 
TGGCTCAGTTTCCTrGAAGTCCCTTGTCCCAGTTGAACAACCCATArc 2970 

AT H A D I MN V P R P A G G E F G YD K OT S L L K £ I R 908 
GCCACCC ACGCTG ACATC ATGAATGrrCCTCGACCGGCTGGAGGCG AGTTTGGATATG AC AAAGACAC ATCGTTGCTG AAAG AG ATT AGC 30 60 

N R F G N D L H I S N K L F V t D A G A S G S K 0 M K V L R r 938 
AACAGGTTTGG AAATG ATCTTC AC ATTTCAAAT AAGCTGTTTGTTCTGG ATGCTGGGGCTTCTGGGTC AAAGG AC ATG AAGGT ACTTCG A 3150 

N H L 0 E I R S Q I V SVC P P M T H L C E K I I S T l> ? S 9*8 

W R K L N G P NQ LM S LQQF V Y D V Q D O L - N P L A S E 998 
TGGAGGAAGCTCAATGGACCCAACCAGCTGATGTCGCTGCAGCAGTTTGTGTACGACGTGCAGGACCAGCTGAACCCCCTGGCCAGCGAG 3330 

E D L R R I A Q 0 L H S T G E I H I MQ S ETVQD VL L L 102S 
G AGG ACCTC AGGCGC ATTGCTC AGC AGCTCC AC AGC AC AGGCG AG AT C AAC ATC ATGC AAAG TG AAAC AGTTC AGG ACGTGC 7GCTCC7G 34 20 

D P R H L C T K V L G K L:': L S V E T P R A t H H T R G R Y 7 1058 
GACCCCCGCTGGCTCTGCACAAACGTCCTGGGGAAGTTGCTGTCCGTGGAGACCCCACGGGCGCTGCACCACTACCGGGGCCGCTACAGC 3510 

V E D I Q R LV P D S D VE E L L Q I L O AHD I Z A RO L 1088 
GTGGAGGACATCCAGCGCCTGGTGC.CCGACAGCGACGTGGAGGAGCTGCTGCAGATC 3600 

S S G T M V D : V P A L I K T D N L H R S W A D E E D E V M V 111 8 
AGCAGCGGGACCATGGTGGACCTCCCAGCCCTGATCAAGACAGACAACCTGCACCGCTCCTGGGCTGATGAGGAGGACGAGGT 3690 

Y G G V R I V P V E H L T P T P C G I F • H K V 0 V H L C R « 1148 
TATGGTGGCGTGCGCATCGTGCCCGTGGAACACCTCACCCCCTTCCCATGTGGCATCTTTCACAAGGTCCAGGTGAACCTGTGCCGGTGG 3 7 8 0 

I H Q 0 S T E G DAD I R L W V M G C K L A M R G A E I l> V .1178 
ATCCACCAGCAAAGCACAGAGGGCGACGCGGACATCCGCCTGTGGGTCAATGGCTGCAAGCTGG^ 3870 

LLVKHG QGIEVQV RGLETE X f K C C L L L D S V ,120 8 
CTGCTGGTCAACCACGGCCAGGGCATTGAGGTCCAGGTCCGTGGCCTGGAGACGCAGA^ 3960 

C S T I E N V M A T T L P G L L T V K H Y L S P0Q L R E H 1238 
TGCAGCACCATTGAGAACGTCATGGCCACCACGCTGCCAGGGCTCCTGACCGTGAAGCATTACCTGAGC 4050 

H E P V M I Y 0 P R D F T R A Q T L K E T S L T N T MG-G Y 1268 
CATGAGCCCGTCATGATCTACCAGCCACGGGACTTCTTCCGGGCACAGACTCTGAAGGAAACCTCACTGACCAACACCATGGGGGGGTAC 414 0 

KESFS S IHCFGCHD VYSQAS LGMD I HA SD L 1298 
AAGGAAAGCTTCAGCAGCATCATGTGCTTCGGGTGTCACGACGTCTACTCACAGGCCAGCCT 4230 

NLLT R RKL S RLLD P P D P LG K O HC LLA M H LG 132 8 
. AACCTCCTCACTCGC AGG AAACTG AGTCGCCTGCTGGACCCGCCCG ACCCCCTGGGG AAGGACTGGTGCCTTCTCGCCATG AACTT AGGC 4320 

LP D L V A K Y N T N N G A P KD F L P S ' P L H A L T - R E W 1358 

TTYPESTVGTLHSKLR EL -GR RDAADLLLKA 1388 
ACCACCTACCCTGAGAGCACAGTGGGCACCCTCATGTCCAAACTGAGGGAGCTGCGTCGCCGG^ 4 500 

SSVFK INLDGNCQEAYASSCN S C T S X U S IS 1418 
TCCTCTGTGTTCAAAATCAACCTGG ATGGCAATCGCCAGG AGGCCT ATGCCTCGAGCTGC AAC AGCGGCACCTCTTACAATTCC ATT AGC 4 590 

S V V S R 1423 
TCTGTTGTATCCCGGEG^SGGCAGCCTCT^ 4 680 

TTGGAGATGCTGAGGGTGTTTCTTCCTGCACCCACAGCCJVGGGGGAT^ 4 770 

CCCTCCCCGTCTCATTCCGTTGTCTGTGGATGGTCATTCCAGTTTA^ 4 860 

T AC CTCCTCTCAGT GTTT TGG ACT CC ATCTCTCATCCTCCAGT ACCTTGCTTCTT ACTC AT AATTTTGCTGG AATTCCT AACTTTTCAAT 5 950 
GACATTTTTTTTAACT ATCATATTGATTGTCCTTTAAJUSJU\GAAAAG^ 5040 
GTTATACCATTTCCTCAGCTTATCTCTTTTATATTTGTAGGAGAAACTCCCATGTATGGAATCCCACTGTATG AT/T 5130 
ATGTCAGTGCCTTTTGCAG AAG AGGGTGTGTTTGAAATCATCGG AGTCAGCC AGG AGCTGTCACCAAGGAAACGCT ACCTCTCTGTCCCT 5220 
TGCTGTATGCTGATCATCGCCAG AGGTGCTTCACCCTGAGTTTTGTTTTGT A7TG7TTTCTGACAGTTTTTCTGTTTTG7TTGCC AAGGA 5310. 
AAGGGGAGAAGGCAATCCTCCTCCAGGGTGATTTTATGATCAGTGTTGTT^ 5 400 

TCAATGTGAACGTCCACATCAAACCTACACACTGTCATGCTTCATCATTC^ 54 90 

ACAGAGACCTATGT AAG AATTC AGAAGACCCCTGACTCATCATTTGTGGCAGTCCCTTAT AATTGCTGCAt AGC AG ATGC77T CCACATT 5580 
TAGATCCTGGTTTCATAACTTCCTGTACTTGAACTCT 5 67 0 

CAGT TTT AAATTG AT AGG AGGG AAC ATCTCCT AATTC 1 1C **GTCCTGAGAAGCATGTAATGTTAATGTTATATCATATGTATATATATAT 5760 
ATGCACTATGTATATACA7ATATATTAATACTGGTATTTTTACTTAATCTA7AAAAT^ 5 8 50 

5 86*6 
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1 



180 



A SO 
5 40 



, G AATTCCGCCGGOCCC AGGC AGOGTG7G7CGGTCGCCT AGGCTGG AG AA.C7 AGTCC7CG A 50 
6 1 CTCACGTGCAAGGATGATGC7GAAAGGAATAACAAGGC7TATCTCT AGGATCCATAAG7T 120 
MKLKGITRLISRIKKL 
121 GGACCCTGGGCGTTTTTTACACATGGGGACCCAGGCTCGCCAAAGCAT7GCTGC7CACCT 

D P G P. F L H M G T Q A R Q S I A A H L 
181 AGATAACCAGG7TCCAGTTGAGAG7CCGAGAGCTATTTCCCGCACCAATGAGAATGACCC 2 40 

D M Q V P V E S ? R A I S R T M £ N D ? 
2 41 GGCCAAGCATGGGGATCAGCACGAGGGTCAGCAC7ACAACATC7CCCCCCAGGATT7GGA 300 

A K H G D Q K Z G Q K Y N.I S ? Q D L F 
301 GACTG7A7TTCCCCATGGCCTTCCTCC7CGCTTTGTGATGCAGGTGAAGACAT7CAG7GA 2 50 

7 V. F H G L ? R F V M Q V K T F S F 

361 AGCT TGCC T G AT G G T AAGG AAAC C AG CCCT AG AACTTCTGC ATT ACCTG AAAAAC ACC AG / 420 

A • C L M V, R K ? A L E L L H Y .L K N T S 
421 7TTTGCTT ATCCftGCTAT ACG AT ATCTTC7-G7 ATGG AG AGAAGGG AAC AGG AAAAACCC7 

f.1 a y p .: a i' ; r y l • l • y g f k g t g . k t l 

431 AAGTCTTTGCC ATGT7 ATTC ATTTC7G7GC AAAACAGG AC7GGCTG AT ACT AC AT A i "C 
S L C K V I HFC A :-; 0 D * L I L :-. I ? 

541 AG A7GCTC A7CT7TGGG7G AAA A A77G7CGGG A7C7TCTGC AGTOC AGCT AC AAC A AAC A 500 
D A H L W V . K M C R ' D I L Q 5 5 Y N K Q 

601 G CGCT TT G ATC AAC CTT T AG AGGCTTC AACCTGG CTG A AG AATT TC AAAAC T AC AAATG A 5 6 0 
R F D Q P L F A S T. VI 1 ' ;.' N " F K T T M F 

6 61 GC GCTTC CT G AAC C AG AT AAAAG TT C AAG AG AAG T ATG7C7GG AAT AAG AG AG AAAGC AC "20 

?. r L N Q I K V . Q Z X : V H N K R F 5 T 
721 TG A.G A AAGGG A.GTCC7C7GGG AG AAG7GG7TG AAC AGGGCA.7 AAC AC GGG7G AGG AACGC .7 SO 
F K G S ? L G F V V F 0 G I T ?. V ?. If A 

7 21 C AC AG A7GC AG7TGGAAT7G7GC7G AAAG AGCTAAAGAGGC AAAGTTCTTTGGGTATGTT 3 4 0 

T D A V G I V L :< F L K ?. Q S 5 !. G >! F 

8 4 1 TC ACCTCCT AGTGGCCGTGG AT-GG A ATC AATGCTC7TTGGGG AAG AACCACTC7G AAAAG 900 

H L L V A V D G I N A L W G R T T L K ?• 
901 AG AAG AT AAAAGCCCG ATTGCCCCCG AGG AATT AGC ACTTGTTC AC AACTTG AGG AAAAT 9 60 
E D K S P I A P 2 S L A L V H N L R K M 

9 61 GATGAAAAATGATTGGCATGGAGGCGCCATTGTGTCGGCTTTGAGCCAGACTGGGT-CTCT 1020 

M K N D W H G G A I V S A L S Q T G 5 L 
1021 CTTT AAGCCCCGG AAAGCCTATCTGCCCCAGG AGTTGCTGGG AAAGG AAGGATTTG ATGC 10 80 

F K P R K A Y L P Q -F L . L G X F. G F D A 
10B 1 CCTGG ATCCCTTTATTCCCA.TCCTGGTTTCC.* ACT AT AACCC AAAGG AATTTGAAAGTTG 1 1 40 

L D ? F I ? I L V S M 'i N ? K F F F 5 C 
1141 T ATTC AGT ATT ATTTGG AAAAC AATTGGCTTC AAC ATG AG AAAGCTCCT AC AG AAG AAGG 1 20 0 

I Q Y Y L F N N W L Q H.F K A P T F F G 
1201 G AAAAAAG AGCTGCTGTTCCT AAGT AACGCG AACCCCTCGCTGCTGGAGCGGC ACTGTGC 1260 
K K ELL F L S N A M ? S-- L L F R H C A 

12 61 CT ACCTCTAAGCCAAG ATCACAGCATGTGAGGAAGACAGTGGAC ATCTGCTTT ATGCTGG 1320- 

Y L 

1321 - ACCC A.GT AAGATG AGG AAG7CGGGC A-GT AC ACA.GG AAG AGG AGCC AGGCCCT7GT ACCT A 1 380 

13 81 TGGGAT7GGACAGGAC7GCAG7TGGCTCTGGACCTGCATTAAAA7GGG7TTCACTGTG AA 14 4 0 

14 41 TGCGTGACAATAAGATATTCCCTTGTTCCTAAAACTTTATATCAGTTTATTGGATGTGGG 1500 
1501 TTTtTCACATTTAAGATAATTATGGCTCTTTTCCTAAAAAATAAAATATCTTTCTAAAAA 15 50 

1561 AAAAAAAA 1563 
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CTAGATGAGGCAGATATAAGAGTCA 25 
TGGAAAAAAGGACAGAGAAAAAAAA SO 
CAGACAAATCAGTTGTCAGTATCCA 75 
TGGCCTCTGATTCTGTCTCAACCAT 100 
GAAACAGAAGTGACACATATAC 122 
CTGCTAAAAG 
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AAC TGA GTC CCT TTC 
CCA ACA TGC GGT CCT 
TTT CTG . .GGA GCA TTT 
CCT TGC TTT GTT GAA 
ACC ATT CTC GAT CTT 
ACT GCT GAA GAC AAA 
GAA AAT GGG TGC CAC 
GAG CTA GTT CTG AAA 
CTG AAA TGA TGG CAC 
GTG CTA AAT AGC 



CTT CCA AAA TCT 27 

TAT TCT GAT CAA 54 

TCT GCA TAT TGA 81 

AAA GTT CTG TTA 108 

GTA ATT TAG CTA 135 

GTA GGA AGA GAG 162 

TTT CTA GTS- GTT - 189 

TGC TCA CCA GCT 216 
GAG CTG CAA ACT 243 
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M Q ? 

1 GG CT AT AAGCG C ACGGCCTCGG CG ACCC TCTC C G AC CCGGCCGCCG CCGC C ATG C AG C CC 6 0 
S S L L ? L A L C L L A A P A S A L V R 
6 1 TCCAGCCTTCTGCCGCTCGCCCTCTGCCTGCTGGCTGC ACCCGCCTCCGCGCTCGTCAGG 120 
I P L H K F T S I R R T M S . E V G G S V 
121 ATCCCGCTGCACAAGTTCACGTCCATCCGCCGGACCATGTGGGAGGTTGGGGGCTCTGTG 180 

E D L I A K G P V S K Y S Q AY? A V T 
181 GAGGACCTGATTGCCAAAGGCCCCGTCTCAAAGTACTCCC AGGCGGTGCCAGCCGTGACC 2 40 

EG P I P E V L K N Y M D A Q Y Y G E I 
24 1 GAGGGGCCCATTCCCGAGGTGCTCAAGAACTAC ATGGACGCCCAGTACTACGGGGAGATT 300 

G I G T P P Q C F T V V F ; D T G S S M L 
3 01 GGCATCGGGACGCCCCCCCAGTGCTTCACAGTCGTCTTCGXCACGGGCTCCTCCAACCTG 3 60 

W V P S I H C K L L D I A C W.I H H K Y 
3 61 TGGG TC CC CTCC ATCC ACTGC AAACTGC TG G ACATCGCTTGC TG G ATCC ACC AC AAGT AC 420 

NSDKSSTY VKNG TS F D I H Y G 
421 AAC AGCG AC AAGTCC AGC ACCTACGTG AAG AATG GT AC CTCGTTTG AC ATC C AC TATG GC 4 80 

S G S L S G Y L S Q D T V S V P C -Q S A 
481 TCGGGC AGCCTCTCCGGGTACCTGAGCC AGGACACTGTGTCGGTGCCCTGCCAGTC AGCG 540 

S S A S A L G C V K V E R Q V F G E A T 
541 TCGTCAGCCTCTGCCCTGGGCGGTGTCAAAGTGGAGAGGCAGGTCTTTGGGGAGGCCACC 600 

K Q P G I T F I A A K F D G I L G M A Y 
601 AAG C AG C C A.G GC ATCACCTTC ATCGC AG CC AAGTTC G ATG GC ATCCTGGGC ATG GC CT AC 6 60 

P R I S V M N V L ? V F D N L M Q Q. K L 
661 CCCCGCATCTCCGTCAACAACGTGCTGCCCGTCTTCGACAACCTGATGCAGCAG.--n.GCTG 7 20 

V D Q M I F S F Y L S R D ? D A Q ? G G 

721 GTGG ACCAG AAC ATCTTCTCCTTCTACCTG AGCAGGGACCCAGATGCGCAGCCTGGGGGT 7 80 
E L M L G G T D S K Y Y K G S L S Y L M 

7 81 G AGC TG ATGC TG GGTGGC AC AG ACTC C AAG TATT AC AAGG GTTCTCTGTCCT AC CTG AAT 340 

V T R K A Y W Q V H L D Q V E V A S G L 

8 41 GTCACCCGCAAGGCCTACTGGC AGGTCCACCTGGACC AGGTGGAGGTGGCCAGCGGGCTG 9 00 

TL C K EG C.E A IVDTG TS LMVG" 
901 ACCCTGTGCAAGGAGGGCTGTG AGGCCATTGTGGAC ACAGGCACTTCCCTCATGGTGGGC 9 60 

P V D E V R E L Q K A I G A V P L I Q G 
961 CCGGTGGATGAGGTGCGCGAGCTGCAGAAGGCCATCGGGGCCGTGCCGCTGATTCAGGGC 1020 

EY M I PC EKV STL PA ITLK LG 
1021 G AGT AC ATG ATC CC CTGTG AG AAG GTGTCC AC CCTGCC CG CG ATC AC ACTG AAG CTGG G A 10 8 0 

G K G Y K L S P E D Y T L K V S Q A G K 
10 81 GGC^AAGGCTACAAGCTGTCCCCAGAGGACTACACGCTCAAGGTGTCGCAGGCCGGGAAG 114 0 

T L C L S G F M G M D I P P P S G ? L W 
1141 ACCCTCTGCCTGAGCGGCTTCATGGGGATGGACATCCCGCCACCC^GCGGGCCACTCTGG 1200 

I L G D V F I G R t Y Y T V F D R D N M R 
1201 ATCCTG GG C G AC GTCTTC ATCGGCGG CTACTAC ACTGTGTTTG AGC GTG AC AAC AAC AGG 1 26 0 

V G F- A E A A R L * 
1261 GTGGGCTTCGCCGAGGCTGCCCGCCTCTAGTTCCC i-AGGCGTCCGCGCGCCAGCAC AGAA 1320 
1321 AC AG AGGAG AGTCCCAGAGC AGGAGGCCCCTGGCCCAGCGGCCCCTCCCACACAC ACCC A 1380 
1381 CACACTCGCCCGCCCACTGTCCTGGGCGCCCTGGAAGCCGGCGGCCCAAGCCCGACTTGC 1440 

14 41 TGTTTTGTTCTGTGGTTTTCCCCTCCCTGGGTTCAG AAATGCTGCCTGCCTGTCTGTCTC 15 00 
1501 TCCATCTGTTTGGTGGGGGTAGAGCTGATCCAGAGCACAGATCTGTTTCGTGCATTGGAA 1560 

15 61 G ACCCC ACCC AAGCTTGGCAGCGGAGCTCGTGTATCCTGGGGCTCCCTTC ATCTCC AGGG ' 1620 
1621 AGTCCCCTCCCCGGCCCTACCAGCGCCCGCTGGGCTG AGCCCCTACCCCACACC AGGCCG 1'6.8 0. 
1681 TCCTCCCGGGCCCTCCCTTGGAAACCTGCCCTGCCTGAGGGCCCCTCTGCCCAGCTTGGG 174 0 

17 41 CCCAGCTGGGCTCTGCCACCCTACCTGTTCAGTGTCCCGGGCCCGTTGAGGATGAGGCCG 1800 
1801 CT AG AGGCCTG AGG ATGAGCTGGAAGGAGTG AGAGGGG ACXA^.CCCACCTTGTTGGAGC 1860 

18 61 CTGC AGG GTG GTGCTG GG ACTG AGCCAGTCCC AG GGGCATGTATTGGCCTGG AG GTGG GG 1920 

19 21 TTGGGATTGGGGGCTGGTGCCAGCCTTCCTCTGCAGCTGACCTCTGTTGTCCTCCCCTTG 1980 
19 81 GGCGGCTGAGAGCCCCAGCTGAOiTGGAAATACAGTTGTTGGCCTCCGGCCTCCCCTC 2 03 8 
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